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(57) [Abstract] 

.i-'j'rll^mt^, [Constitution] Manufacturing method of olefin * polar monom 

t-Mt-f i-XSftotti 1 er copolymer which designates that olefin and polar 

•jkW&^tJ £*B monomerare copolymerized making use of catalyst which 

f > ■ Sttt y 7— #a consists of nickel complex compound ,the preferably this said 

complex compound and ionized ionic compound which are 
displayed with below-mentionedGeneral Formula (1), as feature 



[Chemical Formula 1] 



R3 fe i rj: R* li t- ft € ft H - * fc ii S ft l J 
5*+. *fcR'. R?. R3fciOT«. Cft 



[In Form 



as for X as 



i R2 w 



ws halogt 



u a.v, ul Jie respective identical or different , hydrogen atom or 
hydrocarbon group is shown. R3 and R.4 respective identical or 
different , shows hydrogen atom or hydrocarbon group. R5 
shows hydrogen atom or hydrocarbon group. In addition Rl , 
R2 , R3 and R4, these 2 or moreconnecting mutually, are good 
forming ring. ] 



:h point in copolymer isacquired, little 



[Claim(s)] 

[Claim 1] Manufacturing method of olefin * pc 
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polymer which designates that olefin and polar m> 
copolymerized making use of catalyst which consists of nickel 
complex compoundwhich is displayed with below-mentioned 
General Formula (1), as feature. 



, W 
IK 



[In Formula, X shows halogen atom. Rl and R2 respective k 
ntical or different , shows hydrogen atom or hydrocarbon 

hydrogen atom or hydrocarbon group. R5 shows hydrogen 
atom or hydrocarbon group. In addition Rl , R2 and R3 and 
R4, these 2 or more connectingmutually, are good forming rinj 



[fS#«2] -fli<£mT-&ZKi>=-'J>T>\,mmt1s*lt [Claim 2] Manufacturing method of olefin * polar monomer co 

■< *>1t-f *>ttft&*^ h S-SMJSSffll^-S C k polymer which designates that catalyst which consistsof nickel 

9it^tU7^>' Sttty?- Sa&(*©HitS;i complex compound and ionized ionic compound which are 

displayed with General Formula (1) is usedas feature. 



[000 1] 



[000 2] 



[0003] 

it- -J 'T>\.®Mt&®i:<< * >ft-f * >141t£» 6 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] This invention regards meth 
od which produces ethylene * methyl acrylate copolymer or 
other olefin * polar monomer copolymer making use of 
thenickel complex catalyst. 

[0002] 

[Problems to be Solved by the Invention] Object of this inventi 

monomer copolymer efficiently making use of specific nickel 
complex catalyst. 

[0003] 

[Means to Solve the Problems] This invention is manufacturing 
method of olefin * polar monomer copolymer which designates 
that itcopolymerizes with olefin and polar monomer making 
use of catalyst which consists of nickel complex compound 
which is displayed with thebelow-mentioned General Formula 
(1 ) and catalyst which consists of preferably this said nickel 
complex compound andthe ionized ionic compound, as feature. 
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[Chemical Formula 2] 



St\ SilR', R 2 , R 3 fc"J;rj;R4|i, ; 



[In Formula, X shows halogen atom. Rl and R2 respective ids 
ntical or different . shows hydrogen atom or hydrocarbon 
group. R3 and R4 respective identical or different , shows 
hydrogen atom or hydrocarbon group. R5 shows hydrogen 
atom or hydrocarbon group. In addition Rl , R2 and R3 and 
R4, these 2 or more connectingmutually, are good forming ring. 
] 



[0004] K&tAOXiiT'&m-St&Xlsy-OkL 
Tli, ifu>. ?nfu>. i-?t>. l-'i>f>. 

l-^ + t>, 1-^^T>. 1-*?T>. 1-T 

LftS* 7 -f ><»9]£riO. 5-99. 6=F=ju 

[0 0 0 5] ^fStOffiiT-ftMgrSStt^/^-i 
-f*3>». fv?0(2 1 2,l)-5-A^f>-2 

,3-v*;u*>BflU)ff. i3-^iaa*;u--ri>®. isitf* 
ro+h'J^A, ii'} -5 a. 'Jf)i>. aSS. 
A, *;u->^A5?<rjfiSffi: 79 >j;u8l> ?;u. 79 V 
JUSii^JK 79'J«-Bn-:7ntrjl-, 79'JJua-fV? 
nft, 7f 'j;u»n-^?ju. 7-5 y;ua-< v?*ju, 

7f 'J>HSt--?*;u, T*<JH>ffl-*- ! H\>**i'>\>. > 

n-^ntfju. **9'j;uB-f v?Qt;;u. >*?',ui/B 

n-?^ju. > *9'J Jl/B-i v Iflbmaa. 8 -=FIS«* 

atr-.it-. ^ntf*>atf=ji-, *^a>ae=ju. * 
^'j>ae=ju. 5t>'j>sat?-ji.. XT7y>ae- 

jt.. (-'j^^^-aitae-JUSfflt'-ji-iXTjuffi; 7 
[0006] ihiooffittt/T-ii-awax-ffiffl-r 



[0004] You can list ethylene, propylene, 1-butene, 1-pent 
ene , 1- hexene ,the 1-heptene, 1-octene, 1-nonene, 1- 
decene , 1-dodecene, 1- tetradecene , the 1- hexadecene , 1- 
octadecene , 1-eicosene, 3- methyl- 1- butene and 4-methyl- 
1 - pentene or other carbon number 2 to 20 -olefin as 
olefmwhich is copolymerized with method of this invention. 

jointly usethe 2 kinds or more. As for ratio of olefin which is 

% and a preferably 1 to 99 mole %. 

[0005] Is copolymerized with method of this invention as polar 
monomer which, acrylic acid , methacrylic acid , fumaric aci. 
maleic anhydride , itaconic acid , bicyclo (2,2,l)-5- heptene-2, 
3- dicarboxylic acid or other ,- unsaturated carboxylic acid , 
and its sodium , potassium , lithium , zinc , magnesium ,the 
calcium or other metal salt ; methyl acrylate , ethyl acryiate , 
n-propyl acrylate , isopropyl acrylate , n-butyl acrylate , 
isobutyl acrylate , the t-buryl acrylate , 2-ethylhexyl acrylate , 
methyl methacrylate , ethyl methacrylate , n-propyl 
methacrylate , isopropyl methacrylate , the n-butyl 
methacrylate , isobutyl methacrylate or other ,- 
unsaturated carboxylic acid ester ; maleic acid , itaconic acid , 
maleic anhydride or other unsaturated dicarboxylic acid and its 
acid anhydride ; vinyl acetate , you can list the vinyl 
propionate , vinyl caproate , vinyl caprate , vinyl laurate , 
vinyl stearate , vinyl trifluoroacetate or other vinyl esters ; 
glycidyl acrylate , the glycidyl methacrylate and itaconic acid 
monoglycidyl ester or other unsaturated glycidyl group- 



[0006] These polar monomer also and, can also be able use witl 
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ie kind alone jointly usethe 2 kinds or more. As for rati 
Jar monomer which is occupied in total monomer it 
lesirable to be a 0.5 to 99.5 mole % and a preferably 1 1 



tt^-lx7^>*i:'S*a^1-ScifrjS5„ Cttbffl 

as*/ v-»8i|sit8o=EMKT. e* l < an^M 



> •Stt ; E/v-*a^»<OS#ff(tL-Cli. a-tU7 
>?JU*a£j£. «-tl/70 ■ 7^ MJU8-< V^Pf 

-Pi-u?.f > ■ 7-7 ij;uS2-x^;u^*vJU*agf*. a 
-t^O^M'JAi*!^. ff-7t-U7.f>- 

M;nt*a£(*. B-t^^- ^**u;u®^ 

ft. u-tU7^ > -SfSf^JU*a^f*. a-tw< 

u/us^ji-- as*-? i^-i i-ti/7<> 
■ 7? 'jjubx^a- y$-7yju®-yj->vjuftas« 

[0009] *«BJ©i}gSacJ:y# b tl5^U7< 
>'SSt/7-*tS»l»: i n-it.|:, ttlgfiifc 
*ffi*|jS?8!*<. 1 OOOKSMfc'J. O~20<»eH(= 



[0007] With this invention copolymerizable other monomer , 
it is possible also in additionto prephase olefin and polar 
monomer, to copolymerize for example butadiene ,1,4- 
hexadiene , the7- methyl-1,6- octadiene , 1,8- nonadiene , 1,9 
decadiene or other conjugated or unconjugated diene ; 
cyclopropene , cyclobutene , cyclobutene , norbomadiene 
and the dicyclopentadiene or other cycloolefin etc. These 
other monomer also and, can also be able use with one kind 
alonejointly use 2 kinds or more. Ratio of polar monomer 

preferably 70 mole % or less. 

[0008] You can list -olefin * acrylic acid copolymer , -ole 
fin * methyl acrylate copolymer , -olefin * isopropyl 
acrylate copolymer , -olefin * n-butyl acrylate copolymer , 
-olefin * isobutyl acrylate copolymer ,the -olefin * 2- 
ethylhexyl acrylate copolymer , -olefin * methacrylic acid 
copolymer , -olefin * methacrylic acid copolymer , - 
' " - ' ' " srylate copolymer , ' - - 



-olefin * 



butyl 



isopropyl methacrylate copolymer , 

methacrylate copolymer , the -olefin * isobutyl methacrylate 
copolymer , -olefin * methacrylic acid 2- ethylhexyl 
copolymer , -olefin * vinyl acetate copolymer , -olefin * 
vinyl propionate copolymer , -olefin * ethyl acrylate * 
ic anhydride copolymer , -olefin * ethyl acrylate * 



* glycidyl methacrylate copolymer and -olefin * glycidyl 
methacrylate copolymer etc as embodiment of olefin * polar 
monomer copolymer which is acquired bythe manufacturing 



'009] As for olefin * polar monomer copolymer which is acqu 
3d by manufacturing method of this invention in thepolymer, 
imber of carbon atoms which becomes branch point, per 
)00 carbon number, those which isrange of 0 to 20 is desirable 



[0 0 10] *«SflT?««JS»iLTfflU*-"y*;i-a 



[0 0 1 1] -«a(1)l=Sl'TR', Rl R 3 . Ri-e«Sh 
-3=Hb&. •fV7flH, sec-:7»U*. tert-^U* 



[0010] With this invention nickel complex compound which it 
uses as catalyst component is displayed withthe prephase 
General Formula (1). 

[001 1] Making exemplary ones of atom or group which is show 
n with Rl , R2 , R3 , R4 in theGeneral Formula (1), methyl 
group , ethyl group , n- propyl group , isopropyl group , n- 
butyl group , the isobutyl group , s-butyl group , t- butyl group 
pentyl group and 1 to 5 aryl group etcwhich it substitutes you 
can list to these aryl group of saturated or unsaturated alkyl 
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-■?»iTi»S-5Tl>T4,il>. 



[0 0 13] -*SO)Pfel'TR 5 f^Sn.*B?*fi;tt 



group ; phenyl group , naphthyl group or other carbon number 
6 to 20 aryl group ; of the hydrogen atom ; methyl group , 
ethyl group , n- propyl group , isopropyl group , n- butyl 
group , isobutyl group , the s-butyl group , t- butyl group , 
pentyl group and hexyl group or other carbon number 1 to 20 
straight or branched hexyl group or other substituent Ri and 
R2 may be being same, differing. 

[0012] In addition, Rl , R2 , R3 and R4 in theGeneral Formula 
(1)2 or more and preferably adjacent group connecting 
mutually, may form ring. 

[0013] Concrete ones of atom or group which is shown with R5 

unsaturated alkyl group ; phenyl group and mesityl group or 
other carbon number 6 to 9 aryl group etc of hydrogen atom ; 
methyl group , the ethyl group , n- propyl group , isopropyl 
group , n- butyl group , isobutyl group , s-butyl group , the t- 
butyl group , pentyl group , hexyl group and allyl group or 
other carbon number 1 to 20 straight or branched. 

[0014] Concrete ones of atom which is shown with X in Genera 



CH> CH3 01 CH3 



clis CH> ci 



[0015] Exemplary ones of nickel complex compound which is c 
isplayed with General Formuia (1) doing, youcan list following 
group of compounds. 

[Chemical Formula 3] 



CKH> 



ck~Q Q-Q-Q <HJ-0 

rn, v ra .,Ok CI ' It,. CHi CI L 
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[Chemical Formula 4] 



cP-?H3 <P>b 

W CO , 



[001 e] -ossto-essfts-f ^jua#ft#»i4 

SKS1±*^)i. *fcl;tTS3-*iji(2)T«S*:h.S--./<r 

7;u*/u*B1t£»ii&KStffc«K?-:Mt*«. £» 



, alkyllit 



other alkyl m 



alkylzi 



with* 



d alkylah 



is displayed with below-mentioned General Formula (2) ; 
starting material. Or it can synthesize with method which 
reacts with hydrogen fluoride , the hydrochloric acid , hydrogei 
chloride , bromine chloride and hydrobromic acid or other 
hydrogen halide after Grignard reagent , alkyl lithium ,the 
alkyl zinc , alkyl aluminum or other alkyl metal compound and 
reaction with nickel complex compound which is displayedwith 
below-mentioned General Formula (2) as starting material. 

[0017] 



**St. Ri33iUR2li J £-h-eW5l-SfcliS'Sy. * 

ISIi**Bi*Sfel*ffifc***««-*-. *fcR!, R 2 . R 
a js J: tf R<l* . = *i 6 fl>2« ISl-t tfffl H 1= a*s L T S * » 



[In Formula, Xl , X2 respective identical or diffe 
halogen atom. Rl and R2 respective identical or c 
shows hydrogen atom or hydrocarbon group. R3 

respective identical or different , shows hydrogen 

hydrocarbon group. R5 shows hydrogen atom or hydrocarbon 



hydrogen at 

ind R4, thf 
;ring. ] 



e2orm 



Lttt. -f + XMbStl. *5>1b^«5. A**5><t 
[0 0 19] 47t^it-<tl>mtg®>Cm^i>tlS>7- 

l-5*X(3,5-t"X (- >;3Jl.*P>f*7i-M*l/- 

>. hi)7i-ii-*o>. h'JX [4-»tn7i- 

Mj;u) HUT. (o-h'JM tHp>. MJX 

(3, 5-v>^JU7i-JH *a>*t'^fcS„ 
CfSWWCtt, N, N— i>T)U*)\>7=<)-'5^>&. H 

[00 2 0] ^Mt-f^ttltSSH-ffl^btl-^II 
iLTIJ. U^A, tMj^A, *'J-5A. 7«y 
^A. fflSfjWaffliLTSlf&ftS. 



[0021] <*:/ft^*>IStt£*!ro*#M£iffli 




[0022] *fijs-eii-ifta(m;#*n*-7^i.a 



[oo2 3] fts#®£(E*#tLTii. ;sg£-ioo~ 

100 t, SIB*I0~H40», £A£8ffi~30 MPattS 



[0 0 2 4] *Si&T-ffiH«&JE!«*iLTht. 

+»■>, -fits, ->9o/v*-y->. s*5;u 




[00 2 5] 



tti; v-fflftB^WSSsW.* < SSI'S C £*<T?£-5 



[0018] It is possible to illustrate ionic compound , borane com 
compound which is used with this invention. It can use for idea 

[0019] You can list acetic acid, trifluoroacetic acid or other ca 
rboxylic acid , triflate , methane sulfonate or other sulfonic 
acid , tetrafluoroborate ,the tetraphenylborate , tetrakis 
(pentafluorophenyl) borate and tetrakis (3,5- bis 
trifiuoromethyl phenyl) borate or other borated compound as 

compound. In addition, there is a trifluoro boron , a triphenyl 
boron , a tris (4 - fluorophenyl) boron , a tris (3,5-di 
fluorophenyl) boron , a tris (penta fluoro) boron , a tris (p - 
tolyl) boron , a tris (o - tolyl) boron and a tris (3,5-di 
methylphenyl) boron etc as other example where this kind 
ofionic compound is acquired. Furthermore, there is a N, N- 
dialkyl anilinium salt and a for example N,N-di methyl 
arulinium terra (phenyl) boron etc as other example. 



[0020] As metal which is used for ionized ionic compound, lith 
um , sodium , the potassium , magnesium and silver etc it is 
listed as ideal example. 

[0021] Making exemplary ones of ionized ionic compound, you 
can list silver triflate , sodium tetrafluoroborate , the sodium 
tetraphenylborate and sodium tetrakis (3,5- bis trifiuoromethyl 
phenyl) borate etc. 



[0022] Especially it is desirable to copolymerize olefin and pola 
r monomerwith catalyst which is acquired with this reaction 
nickel complex compound and theionized ionic compound 
which are shown with General Formula (1) by contacting. 

[0023] As reaction condition of copolymerization, temperatur 
e -100 to 100 °C , time itis desirable to designate 10 to 144 0 
min and pressure as ambient pressure to 30 MPa. 

[0024] You can list hexane , heptane , octane , cyclohexane , 
mineral oil ,the toluene , xylene or other inert hydrocarbon ; 
chloroform , dichloromethane , dichloroethane and 
chlorobenzene or other halogenated hydrocarbon etc as 
thereaction medium which is used with copolymerization. 

[0025] 

[Effects of the Invention] Copolymer of olefin and polar mono 
mer can be produced efficientlyaccording to this invention, by 
using catalyst which is acquired from thecatalyst , this said 
catalyst and ionized ionic compound which consist of above- 
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ednickel complex compound. 



'ention] Working Example of thi 



Working Example 1 
[Synthesis of compound I] 



H 3 C CH 3 



FD-MS: 484 », I 

[ft^iftlKDSSU 
[Ifc7] 



H 3 C. ,CHa 



Under argon atmosphere, in flask of 100 ml (ml) which has ma 
gnetic stirrer itagitated with -78 °C including dibromo [diacetyl- 
bis (2,6- isopropyl phenyl imine)] nickel (II) 4.2g, diethyl 
ether 150 ml (ml). In this, solution which melts dimethyl 
magnesium 0.65 g in diethyl ether 30 ml (ml) was dripped 
withthe -78 °C. After that way continuing two hours churning 



■asfilters 



While 



ntof filtra 
d. 

FD- MS : 484 (M+, 20%), 486(M++2, 8%) 
Working Example 2 
[Synthesis of compound II] 
[Chemical Formula 7] 



Under argon atmosphere, fully it melted in flask of 100 ml (ml) 
whichhas magnetic stirrer including dibromo [diacetyl- bis (2,{ 
isopropyl phenyl imine)] nickel (II) 4.2g and tetrahydrofuran 
) Max.. +»iS»S 500 ml (ml). In this diethyl ether solution (3.0 M) of methyl 
?p=K»vifM magnesium bromide was dripped with 30 ml (ml)-78°C. After 

IV (mL) -78"CT?ST that way continuing two hours churning with same temperature, 



6g£#fc„ 

FD-MS : 556 (M-, 30*). 558*+ 2, J 
HbiSrl 



FD- MS : 556 (M+, 30%), 558(M+ +2 , 3 
Working Example 3, 4 



ItSSllll. FD-MS: 484 M-. 22», 486(M>+2, 17» 
Ib&SllV, FD-MS: 528 ». 31*), 530(M*+2, 35» 
SJ6W5 

[irl> • 7-? 'JAB** JUfflftSSlBSffitf**!! 
*.fc2003 'J ') -v F/U OnL) (»§S£7JUn>fiaLfc» 

-78°cic;-ti»Lfc«. ssnsi?u>T-e»Lfc. sg 

*-78iCKffi*,<i:*<?.««y9np>?>703'J 'J v F/l- 
CmL) B;SgX-30«-jSrfLJ;SS. C *ilzt F <) 

■>if I-7W13. 5- t*X F 'J^iUfrDj'^JKl/- F 
OSiOP^ji >»» (3. 3 M) £30 5 ') <) -j F JU CmL) - 

78°cT-jn^fc. H;as-eio»a#Lfc». 7?'jjugi> 

^ JUI.OS 'J ') F* (lit) Sin a.. 25TC*-C3!aLfc« 

. x^u>s«jgtiaA!bH;aex-24Rp.i!afts$iitt 

. >$/-JU1005'J 'J-j FJU CmL) £81*, SCfcSS 
toSSaL. T-tr h>ft»U 697 mg(B#BS*s£#fc 
. SJt«16-15=vVJl-a*<b*». 1'*>1t-<*>(41b 
S*. KJESg. RIH. iSSt. 79'J«-iM*JU38« 

liCSt. tta, *1 *21iTlBl-*o 



/1000iS*JI*)X-feot. 



Compound III.FD- MS : 484 (M+, 22%), 486(M++2, 17%) 
Compound IV,FD- MS : 528 (M+, 3 1 %), 530(M++2, 35%) 
Working Example 5 

Argon substitution after doing container of 200 ml (ml) which h 
as [Copolymerization of ethylene * methyl acrylate] magnetic 
stirrer,you inserted compound Hand 100 micromole (mol), 
after cooling entirety in the-78 °C, you substituted inside 
container with ethylene. While maintaining temperature at - 
78 °C, with same temperature 3 0 minafter agitating, in this it 
added dichloromethane solution (3.3 M) of sodium tetrakis (3,5- 
bis trifluoromethyl) borate withthe30 ml (ml)-78 °C including 
dry dichloromethane 70 ml (ml). While temperature rise after 
doing, supplying ethylene to 25 °C, thelO min after agitating, 
including methyl acrylate 1.0 ml (ml) with same temperature, 
rtaontinued 2 4 hours churning with same temperature. 
Including methanol 100 ml (ml), it filtered polymer which it 
occurs, acetone washingdid, acquired copolymer of 697 mg. 
Working Example 6-15 nickel complex compound , ionized 
ionic compound and reaction temperature , time, changing 
solvent andthe methyl acrylate concentration, it did 
copolymerization reaction in same way as Working Example 
5. result is shown in Table 1. However, *l*2ofinthe 
table depended on description below. 

* 1 : Polyethylene conversion 

*2: With l3C-nmr , it was a polymer branch < 6(carbon ato 
m /1000 carbon atom). 
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[Table 1] 



% 1 « 







CC>. 

BSEKh) 




mm 


iStifg- 




mm 




ft, 


H»/Hn 




<tsan 


NaB(W 
CF\U 


25, 24 




1.0 


0.08 


a.ai*io"4' 


3.86 


0.1 




mm 


-30,7.5 


OA 


1.0 


0.77 


3.42+1CT5 


3.87 


0.1 




<y,u 


-30,7.5 


CKA 


2.0 


0.77 


2.87 *«T5 


3.86 


0.2 


ftiSWIV 




25, 24 


CHjCIj. 


1.0 


0.08 


4.18*ICT4 


2.85 


0.1 






-30,7.5 


CHA 


1.0 


0.45 


7.94»10"4 


3.87 


0.1 




tWh, 


-30,7.5 




1.0 


0.09 


3.97*10~4 


5.78 


0.1 




NaB(Qft( 
<W. 


-30, 7.5 


ap, 


1.0 


0.08 


4.I8*10"4 


2.85 


0.1 


m 


M(Qft( 


25, 24 






0.04 


9.43*10~3 


3.09 


0.9 


in ■ 


mm 


25, 68 


}-,>t>x 


1.0 


0.04 


5.63*10~3 


2.17 


0.9 
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